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and marethe same or different and each is equal to about 7to
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The modified enzyme of the present Invention shows In*
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imrminogeniciry and shows a prolonged half-life time end
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Modified Enzymes, Production and Uae Thereof

The present invention relates to a modified enzyme
of a manganese-containing superoxide dismutase (herein-
after referred to briefly as SOD) produced by a micro-
organism of the genus Serratia , which can be used as,

5 for example, an antiinflammatory agent, a method for
producing and a use of said modified enzyme.

The manganese-containing superoxide dismutase
produced by a microorganism of the genus Serratia is
known from EP Publication (laid open) No. 45222 and No.

10 70656.

Modification of asparaginase with polyethylene
glycol has been reported (Chemistry Letters, 773-776
(1980)].

SOD as it is has an antiinflammatory activity but

15 has the disadvantage of a short half life time in the
blood circulation. Moreover, as SOD is an enzyme of
microbial origin, it may present the problem of

iramunogenicity of the animals administered, due to
foreign protein.

20 To overcome the above problems, various chemical
modifications of SOD were attempted, and it was found
that introduction of polyethylene glycol (hereinafter
sometimes referred to briefly as PEG) to SOD results in

very useful characteristics. While several techniques

25 are available for modifying a protein with polyethylene
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glycol 9 it has been found that the method in which

activated two chains of polyethylene glycol with

triazine covalently binds to the N-terminal amino acid

or the e-amino group of the lysine residue of SOD, This
method is most advantageous in that the amounts of
reaction by-products are small and the reaction yield is

high. This finding and subsequent research led to the
establishment of the present invention.

The present invention is directed to a modified
enzyme of the formula:

wherein SOD is a manganese-containing superoxide

dismutase produced by a microorganism of the genus

Serratia ; n and m are the same or different and each
1 7

is equal to about 7 to 700; R and R are the same

or different and each is a hydroxy-protecting group; and
x is equal to about 1 to 30, a method for producing a

modified enzyme of formula [I] characterized by modifying
SOD with polyethylene glycol and a use of the modified
enzyme (I] for treatment of inflammation in mammals.

The manganese-containing superoxide dismutase

produced by a microorganism of the genus Serratia may

for example be the one obtained by the method described

in EP Publication (laid open) No. 45222 or No. 70656.

In the formula given above, n, ro and x each

represents a mean value; n and m may be the same or

different, preferably n and in are the same and each

is equal to about 7 to 700 and, preferably, about 7 to

250, more preferably about 30 to 150; and x is equal
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to about 1 to 30 and, preferably, about. 5 to. 15.
The polyethylene glycol uud in accordance with

the present invention should preferably have an average
molecular weight of about 300 to about 30,000, more
preferably about 1,000 to about 10,000.

As examples of the hydroxy-protecting groups
represented by R and R2 , there may be mentioned
aikyl groups containing 1-3 carbon atoms (e.g. methyl,
ethyl, n-propyl, isopropyl) , preferably methyl.

The modification of SOD with PEG may preferably be
carried out via a triesine residue.

Such modification can be carried out by reaction
of a mixture of a PEG of the general formula

HO-lCHjC^Ol.-R1 tU]
wherein n and R are as defined above, and a PEG of
the general formula

HO-<CH
2
CH

20)m-R
2

[ii.]
wherein n and R2 are as defined above, with a compound
of the formula

! "

and then reacting the resulting compound of the general
formula

H ^-(CH.CHtOn-R'

\=/ [IVJ
1F^0-(CH.CH,0)I-E»

wherein n, 5, R1 and R2 are as defined above, with SOD.
For producing the compound [XVI , the reaction of
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the mixture of compound [II] and compound III 1
] with the

compound [III] is preferably carried out under anhydrous
conditions. Thus, the reaction is carried out in

benzene or toluene at about 50° to about 80°C for about
5 15 to 50 hours.

The mixture of compound [II] and compound [II*] is

preferably used in an amount such that the total number
of moles of the compounds [II] and [II 1

] is twice the
number of moles of the compound [III] . After the

10 reaction, aliphatic hydrocarbon-organic solvent, such as
petroleum ether, is added to the reaction mixture to

thereby cause precipitation of the compound [IV] . In

some instances, gel filtration using an organic solvent
(e.g. chloroform, acetonitrile, benzene, toluene), for

15 instance, may be employed combinedly.

For the production of the compound [I] by reaction
of the compound [IV] with SOD, the reaction is carried
out in an aqueous medium for about 2 to 24 hours under
mild conditions to avoid enzyme inactivation , for

20 example at room temperature or below and at a pH of

about 8 to about 10. After reaction, the reaction
mixture is subjected to gel filtration and ultra-
filtration in an aqueous solution to separate the
compound [I] and the remaining compound [IV].

25 By these procedures, the compound [I], a PEG-

modified SOD, is obtained, hence hereinafter sometimes
referred to as "PEG-SOD".

The compound [I] according to the invention has
sufficiently high SOD activity. Testing of the compound

30 for evaluating antiinflammatory agents [I] by such model
experiments as the carrageenin abscess model, delayed
type IV allergic reaction with ovalbumin, Masugi
nephritis model and radiation damage has revealed that
the PEG-modified SOD is generally superior in phanna-

35 cological effects to the original SOD.
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As compared with the originaiTsOD, the~ compound
[I] has the following advantageous features

t

(1) It increases antiinflammatory activity.

(2) it decreases immunogenic!ty,~^

(3) Its half-life time in bXB^ circulation is longer.

(4) One time injection of it induces immunological
tolerance.

(5) Blood level of SOD is much higher after
intraduodenal administration.
Furthermore, the compound (I] has low toxicity.
In this manner, the compound [I] has excellent

activity and properties and, in addition, is low in

toxicity. Therefore, it can be used advantageously as
an antiinflammatory agent.

In using the compound [11 according to the invention
as' an antiinflammatory agent, it is administered either
orally or parenteraliy for the purpose of treating
various acute or subacute inflammations [e.g. edema,
[e.g. arthritis, bronchitis, bruise-caused edema, burn,
radiation)] in mammals [e.g. mouse, rat, rabbit, cat,

dog, monkey, human), for instance.

For administration, the compound [I) is mixed with
a pharmacologically acceptable carrier, exclpient,
diluent, etc., and made up into preparations for oral
administration, such as tablets or capsules, or into
preparations for parenteral administration, such as

injections, and is administered to the above mammals in

such preparation form by the per se known method.
The daily dose of the compound! [I] is such that

the enzyme quantity in the compound [II amounts to about
0.1 to about 100 mg, preferably about 0.5 to 50 mg, per
kilogram of body weight.
Brief Description of the Drawings

Fig. 1 shows the results of immunological tolerance
induction as obtained in Test Example 6.
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Fig. 2 shows the results of plasma level of SOD
activity after intraduodeaal administration to rats as
disclosed in Test Example 7.

Examples

The following working examples, reference example
and test examples are further illustrative of the
present invention.

Example 1 Production of PEG-SOD
Cyanuric chloride (730 mg) was added to a mixture

of 40 g of monomethoxy polyethylene glycol (average
molecular weight: 5,000), 200 ml of benzene, 20 g of
anhydrous sodium carbonate and 10 g of molecular sieve
3A (Wako Pure Chemical Industries, Japan), and the
reaction was carried out by stirring at 80 °C for 20
hours. Thereafter, 400 ml of petroleum ether was added
to thereby cause precipitation of the activated PEG.
The precipitate was dissolved in benzene, followed by
the precipitation by the same procedure. After three-
time repetitions of this precipitation procedure, the
precipitate (activated PEG) was dried in a desiccator
under reduced pressure.

A 1.5 g portion of the above activated PEG was
added to 15 mg of an SOD prepared from Serratia
marcescens ATCC 21074 by the procedure described in EP
Publication (laid open) No.^ 70656 (The mole ratio of the
activated PEG to the SOD was 300.) The reaction was
carried out at 4»C for 2 hours in 5.0 ml of 0.1 M borate
buffer (pH 9.0) and then terminated by adding 30 ml of
0.1 M phosphate buffer (pH 7.0). The residual PEG was
removed by ultrafiltration (Amicon (USA) membrane
YM-10] . The concentrate (2.0 ml) of PEG-SOD was
purified by gel filtration using a Sephacryl S-200
(Pharmacia, Sweden) column (5 x 73 cm). The thus-
obtained PEG-SOD, weighed about 15 mg, was modified
7-12 amino residues of the original SOD, and its SOD
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activity retained about 50%. The ultraviolet absorption

at 280 nro was increased by less than 5% of the original.

At shorter wavelength*, the absorptions due to the

triazise residue were observed.

5 Example 2 Production olclPEG^SOD

PEG-SODs were prepared by the same method as in

Example 1 using monomethoxy polyethylene glycols

differing in molecular weight (average molecular weight:

350 , 750 and 1,900, respectively) with the SOD used in

10 Example 1. The results thus obtained are shown in

Table 1.

Table 1

15

Specific activity
(units/mg protein)

Amino group modi-
fication percentage

SOD (original) 100% 0%

PEG (350) -SOD 39% 48%

PEG (750) -SOD v 41% !-. 48%

PEG (1 , 900) -SOD 41% 48%

Note: The value in th* parentheses after PEG"
indicates the average molecular weight of the w

. PEG used.

Reference Example
1

1 Preparation of dextran-SOD

25 In 50 ml of distilled water Was dissolved 1 g of

dextran (average molecular weight: 60,000-90,000) , fol-

lowed by addition of about 0.3 g o£ cyanogen bromide.

t The reaction was carried out at 20°C for 30 minutes

while the pH was maintained at 10.5 by addition of 5 N

30 NaOH. Then, the pH was adjusted to 9.0 with NaHC0
3 ,

the SOD used in Example 1 (114 mg in 13 ml of distilled

water) was added, and the reaction was carried out

furthermore at 4°C for 20 hours. The reaction mixture

was concentrated to 3 ml by ultrafiltration (using

35 YM-10) and the remaining SOD Was removed by gel
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filtration using a Sephacryl S-200 column {5 x 73 cm)

.

Thus was obtained about 0,7 g of dextran-SOD. The

dextran-SOD modified with 34% of the amino groups had a

residual enzymatic activity of 67% of the original SOD.

5 Test Example 1 Antiinflammatory activity

The carrageenin abscess test was used as an

evaluation method of antiinflammatory activity. Thus,

as described in Acta Pharmacologica Japonica, 8± r 337

(1984) , a 2% (w/v) carrageenin solution was sub-

10 cutaneously injected into the dorsal region of rats.

Thirty minutes later, the enzymes show in Table 2 were

each administered intravenously. After further 24

hours, each abscess was excised and weighed for

comparison with the control group (given physiological

15 saline)

.

In this and the subsequent test examples, the SOD

used was game used in Example 1 and the dextran-SOD used

was the product obtained in Reference Example 1

described above.

2 0 Table 2 Antiinflammatory activity
(carrageenin abscess method)

Dose11
Nui

?
be? of Abscess weight2) Inhibition

25 Control 10 2.117 + 0.11 g

SOD 2 mg/kg^ 10 2.065 + 0.13 g 2.5%

Dextran-
SOD

2 mg/kg 10 1.695 ± 0.12 <r
3) 20.5%

30
PEG-SOD

4 *
2 rog/kg 10 1.701 ± 0.11 9

3 ' 19.7%

Notes: 1) Expressed in terms of the number, the doses

were same as SOD activity

.

2) Mean ± standard error

3) P < 0.05 (Student's T test)
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4) .The PEG-SOD obtained in Ibcan^le 1 was used.

As shown in Table 2, the modified Enzymes,

dextran-SOD and PEG-SOD, increased antiinflammatory

activity as compared with the original SOD and the

5 efficacy of the modified enzymes showed statistically

significant as compared with that of the control group

(given physiological saline)

.

Test Example 2 Immunogenicity

The method described in Journal of Iipmnological

10 Methods , 14, 381 (1977) was used* ^ach enzyme (20 ng as

SOD) was emulsified with Freund 9 8 complete adjuvant

(FAC) and the emulsion (0.2 ml) was administered

intraperitoneally to A/J mice, followed by additional

administration on days 14 and 28. Blood samples were

15 taken from the mouse orbital vein every 7 day interval

after the day of the first administration. The sera

from the blood samples were evaluated for antibody

production by the passive cutaneous anaphylaxis (PCA)

reaction method* Rats were intradermally injected with

20 * diluted serum (0.1 ml) , followed by injecting 2 ml of

a solution containing 0.5 mg of SOD and 20 mg of Evans

blue 4 hours later and the vascular permeability

visualized by the dye was determined. The results thus

obtained are shown in Table 3. The values in the table

25 indicate the maximum serum dilution factor^capable of

giving positive PCA reaction.

. Table 3 Immunogenicity testing

30

Number
of
animal Day 7 Day 14

PCA titer
• judged on
Day 21 Day 28 Day 35

SOD 8 8 32 256 256 256

Dextran-SOD 8 0 256 128 128 256

PEG-SOD 11 8 0 0 0 0 0

35
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Note 1) The PEG-SOD used was the product obtained in

Example 1.

As shown in Table 3, the PEG-SOD showed no

antibody production while the original SOD and

5 dextran-SOD caused antibody production against SOD. In

a test conducted by the similar method, no antibody

production against PEG-SOD was observed in the PEG-SOD

administered rats.

Test Example 3 Half-life time in blood circulation

10 Each enzyme (5 mg/kg as SOD) was intravenously

injected (1 ml) into rats (3 per group) . Blood samples

were taken from the caudal vein at time intervals and

measured for serum SOD activity, and the ha If-life time

was determined based on the first order reaction rate

15 constant.

Table 4 Half-life time in blood circulation

SOD 1.4 hours

PEG-SOD 1
* 14.2 hours

20

Note 1) The PEG-SOD obtained in Example 1 was

used.

As shown in Table 4, the half-life time of

PEG-SOD in the blood circulation was about 10 times

25 longer as compared with that of the original SOD.

Test Example 4 Half-life time in blood circulation

The half-life time of SOD and the PEG-SODs

obtained in Examples 1 and 2 were determined by the same

described in Test Example 3. The results are shown in

30 Table 5.

35
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Table 5 Half-life time in blood circulation

Half-life time1 *

SOD 1.4 hours

PEG (350) -SOD2 * 6.3 hours

PEG(750)-SOD2) 8.7 hours

PEG (1,900) -SOD2 * H.2 hours

Notes: 1) Determined by the same method described
in Test Example 3

.

2) The PEG-SODs obtained in Example 2 were
used.

As shown in Table 5, the SOD's modified with
various PEG 'a showed a prolonged half-life time,
compared with that of the original SOD.
Test Example 5 Immunogenicity

The PEG-SODs obtained in Example 2 were tested for
immunogenicity by the same method described in Test
Example 2. The results are shown in Table 6.

Table 6 Immunogenicity test

Number PCA titer
—

?f . judged on
animal Day 7 Day 14 Day 21 Day 28 Day 35

SOD

PEG (350) -SOD1 *

PEG (750) -SOD1 *

PEG (1,900) -SOD1 *

Note 1) The PEG-SODs obtained in Example 2 were used.

As is evident from Table 6, the modification of
SOD with PEG reduced antibody production'. Especially
for the PEG (1,900) -SOD, no antibody production was
noted

.

8 4 128 128 512 512
8 0 8 32 256 256
8 0 4 16 32 32
8 0 0 0 0
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Test Example 6 Induction of immunological tolerance ~ ~"j

A/J mice (8 per group) were intravenously

injected with the PEG-SOD obtained in Example 1 at a

dose of 20 yg SOD/mouse. An emulsion of 20 yg of SOD

5 with Freund's complete adjuvant (FCA) /mouse was intra-

peritoneally administered 1, 3 and 5 weeks later. The

titers of anti-SOD IgE antibody were determined by the

PCA reaction described in Test Example 2. The results

are shown in Fig. 1. As is apparent from Fig. 1, the

10 initial administration of the PEG-SOD (shown by —o-t—)

completely suppressed the IgE antibody production

against SOD even after the subsequent administrations of

SOD. (Note: IgE « Immunoglobulin E.)

For the control , 20 yg of SOD/mouse was intra

-

15 venously injected into A/J mice (8 per group) and an

emulsion of 20 yg of SOD in FCA was administered intra-

peritoneally 1, 3 and 5 weeks later. The results are

also shown in Fig. 1 by A . As is apparent

from Fig. 1, the initial administration of the original

2o SOD elicited the IgE antibody production against SOD.

The data indicated by • in Fig. 1 show the

pattern of IgE antibody production against SOD when

physiological saline was intravenously injected into A/J

mice (8 per group) followed by intraperitoneal

25 administration of an emulsion of 20 yg of SOD in FCA 1,

3 and 5 weeks later.

As in evident from the above results, the PEG-SOD

induced immunological tolerance more strongly than the

original SOD.

30 Test Example 7 Plasma level of SOD activity after

intraduodenal administration

PEG-SOD obtained in Example 1 and SOD were

administered intraduodenally through a cannula to rats

(male, Jcl:Sprague-Dawley , 7 week old) at a dose of 100

35 mg as SOD/kg. Blood was taken from the rat tail vein 0,



0210761

- 13 -

1, 2, 4, 6, 10 and 24 hours after the administration and

SOD activity in the plasma was assayed. The results are

shown in Fig. 2. The plasma SOD level of the PEG-SOD

administered rats presented by o was much

higher than that of the SOD administered rats presented

by A throughout the time course* Each point

represents the mean with standard error (SE) of 5 rats

in PEG-SOD and 3 rats in SOD.
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What is claimed is:

1. A modified enzyme of the formula:

sod(-("h
K=

^0-(CHtCH«0)ii-R 1

021076

wherein SOD is a manganese-containing superoxide
disroutase produced by a microorganism of the genus
Serratlay n and m are the same or different and each
is equal to about 7 to 700? R1 and R2 are the same
or different and each is a hydroxy-protecting group; and
x is equal to about 1 to 30*

2. The enzyme according to Claim l f wherein n
and m are the same.

3. The enzyme according to Claim 1, wherein n
and m each is equal to about 7 to 250 •

^4. The enzyme according to Claim 1, wherein R1

and R are the same.

5. The enzyme according to Claim 1, wherein R1

and R2 each is Cj_
3
alkyl.

6. The enzyme according to Claim 1, wherein SOD
is produced by Serratia marcescens ATCC 21074.

7. A method of producing the enzyme according to
Claim l r which comprises reacting SOD with the compound
of the formula:

s_^-(CHtCH,0)ii-R l

"~N)-(Ca,CH,0)I-H'
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wherein n, in, R* and R2 are defined in Claim 1.
8. A pharmaceutical composition which contains

the enzyme according to Claim 1 and a pharmacologically
acceptable carrier, excipient or diluent therefor.

9. The composition according to Claim 8, which is
formulated to a tablet or capsule for oral administra-
tion.

10. A method for treatment of inflammation in a
mammal, which comprises administering an effective
amount of the enzyme according to Claim 1 to the mammal.
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